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© Composite vacuum pump. 



© A composite vacuum pump having first and sec- 
ond vacuum pumps (10,31) each having its own 
rotor (15,35) and drive motor (13, 33) in which the 
exhaust (17) of the first vacuum pump (10) is remov- 
ably coupled to the inlet (36) of the second vacuum 
pump (31) and the first vacuum pump rotor (15) is 
driven at a constant torque and in which the. second 
vacuum pump (31) has an iniet for permitting the 
introduction into the pump of a heavy gas for in- 
creasing the efficiency of the pumping system. 10 . 'VxxxS 
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COMPOSITE VACUUM PUMP 



The present invention relates to a composite 
vacuum pump formed from the union of a screw- 
type or threaded vacuum pump and a turbo-molec- 
uiar vacuum pump. 

Known composite vacuum pumps of this type 
are bulky structures and require high power and 
safety means to minimize the effects of failure of 
the pump. 

The problem to be solved by the present in- 
vention is to provide a composite vacuum pump as 
mentioned above having a high compression ratio 
and a physically small structure with inherent fail- 
safe characteristics. 

This problem is solved by the features set out 
in claim 1 . 

The features of claim 2 result in a further 
increase of the compression ratio under certain 
operating conditions of the composite vacuum 
pump. 

In particular the present invention relates to a 
composite pump of the type described in which 
each pump has its own motor and drive system. 

The present invention teaches a composite 
vacuum pump system having first and second 
vacuum pumps each having its own rotor and drive 
motor in which the exhaust of the first vacuum 
pump is removably coupled to the inlet of the 
second vacuum pump and the first vacuum pump 
rotor is driven at a constant torque. The second 
vacuum pump has an inlet for permitting the in- 
troduction into the pump of a heavy gas for in- 
creasing the efficiency of the pumping system. 

The known design for composite pumps of the 
type disclosed employs a single drive system for 
powering both pumps. While such systems are 
workable, they place an unusually heavy power 
demand on the single drive system. 

The conventional thinking in using two separate 
drive systems for the screw-type pump and the 
turbo-molecular pump seems to require a relatively 
complicated control system. 



Brief Description of the Drawings 

Figure 1 shows a sectional view taken along 
the vertical axis of one embodiment of the present 
invention. 

Figure 2 shows a plot of the interrelationship 
between air inlet pressure and the air flow in the 
solid line. The dotted lines on the graph show the 
rate of the gas removed as a function of air-inlet 
pressure. 



Figure 3 shows the relationsship between 
pressure at the exhaust end of the present inven- 
tion and the air compression ratio. 

Figure 4 shows a circuit diagram forming a 
5 part of one embodiment of the present invention. 



Description 

70 

In figure 1, the number 10 indicates the turbo- 
molecular pump portion and numeral 31 indicates 
generally the screw-type pump portion of one em- 
bodiment of the present invention. 

is The turbo-molecular pump 10 has a rotor shaft 

14 driven by a motor 13 disposed within a main 
body housing 12. The rotor shaft 14 rotates the 
turbofan 15 which draws gas from the inlet 16 to be 
discharged at the outlet 17. Magnetic bearings 18 

20 and 19 and 20 support the rotor shaft 14. Bearings 
18 and 19 give radial support while bearing 20 
gives axial support. Safety, back-up, ball or roller 
bearings 21 , 22 and 23, are present to prevent a 
destructive crash of the rotor if the magnetic bear- 

25 ings failed for any reason. 

The screw-type (threaded) vacuum pump has a 
rotor shaft 34 to be powered by a motor 33 dis- 
posed within the housing 32. The rotor 35 is rotat- 
ed by the shaft 34 which is supported at one end 

30 by radial magnetic bearing 38 and at the other end 
by radial and axial magnetic bearing 39. The mag- 
netic bearing 39 uses a magnetic fluid (ferrofluid). 
A fail ball and roller bearing 40 protects rotor 35 in 
the unlikely event the magnetic bearings fail. 

35 Rrst and second mounting members are 
shown as a projection 41 and mating aperature 40 
which are located near the exhaust 17 of the hous- 
ing 12 for the turbo-molecular pump 10 and near 
the inlet 36 of the screw-type pump housing 32 

40 respectively. When the pumps are connected by 
the projection 41 and mating aperature 40, the 
exhaust outlet 17 of the turbo pump communicates 
with the inlet 36 of the screw-pump 31. 

In operation, when the pumps are connected 

45 and the motor 13 of the turbo pump is driven at 
constant torque as evacuation starts, if pressure in 
chamber 'A' is high, turbofan 15 will be unable to 
overcome the high viscosity present In that situ- 
ation, evacuation will be begun by the screw-type 

so pump. As the pressure in chamber 'A 1 decreases, 
the turbofan 15 will begin to rotate and more gas 
will be expelled from chamber 'A 1 , this is shown in 
Figure 2 as the zone below 1 Ton*. 
- When the pressure in chamber 'A 1 decrease 
further lowering the back pressure on the turbo- 
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molecular pump 10 or the pressure at the air inlet 
36 of the screw-type pump 31 drops below 0.001 
Torr (shown in Figure 2), the turbo-molecular pump 
10 will operate as a predetermined compression 
ratio and will go Into steady operation in which the 
pressure in chamber 'A* is kept at a fixed predeter- 
mined level. 

In the steady state operational mode, there are 
two control alternatives forming a part of the 
present invention. The first alternative is to drive 
the screw-type pump 21 at any particular capacity, 
such as maximum capacity. The pressure in cham- 
ber 'A* and the exhaust flow rate are determined by 
detecting the load on the turbo pump 10 by read- 
ing any of the following: torque, drive current, slip 
frequency, or rotational speed. If these measure- 
ments are taken a vacuum gauge or flow meter will 
not be necessary. In the second alternative, rota- 
tional speed and torque output of the turbe-molecu- 
lar pump 10 are controlled by an external signal to 
control the exhaust flow rate. Such a control can 
eliminate the need for a variable conductance valve 
for flow rate control in a semiconductor production 
line. 

Figure 1 shows an inlet channel 50 formed in 
the housing of pump 31 for admitting a heavy gas 
to increase the compression ratio of the pump 31 . 
If a light gas, such a hydrogen or helium are being 
removed, pumps 10 and 31 may be somewhat 
ineffective since a sufficient compression ratio may 
not be obtained as shown by the broken line A in 
figure 2. The introcuction of a small amount of a 
heavy gas solves this problem. See broken line C 
in Figure 3. 

The invention described above achieves the 
following advantages: The pump 10 and 31 can be 
used either together or apart. When the pumps are 
used together, a high compression ratio can be 
obtained from a physically small structure. If one 
pump fails, the other pump's operation may be 
sufficient to keep chamber 'A' at a sufficiently low 
pressure to eliminate the need for a gate valve. 

With separate power sources, the turbo-pump 
is not being driven against high viscosity thus 
wasting power. Instead the turbo-molecular pump 
does not start operation until the screw-type pump 
has sufficiently evacuated the chamber to make the 
use of the turbe-molecular pump practically useful. 
This arrangement permits both drives, 13 and 23, 
to be of low power and to require only low power. If 
the turbo pump is driven by motor 13 at constant 
torque, the pump 10 automatically starts operating 
when the pressure at the air inlet 16 drops to or 
below a predetermined level, i.e. when the viscosity 
resistance of the gas to be evacuated drops just 
below the level of the drive torque. This result 
eliminates the need for a special control. 

Figure 4 shows one circuit for performing this 



inventive combination. A power source 102 is 
shown supplying motor 1, 104, representing the 
motor of the screw-type pump and also supplying 
power to motor 2, 105, the turbo-pump motor. The 

5 motors are shown in parallel with the power source. 
Obviously two separate power sources could be 
used. Switches 103 and 107 are electrically in 
series with motors 104 and 105 respectively. A 
current meter 106 is shown in series with the turbo- 

w pump motor to measure the current through it. The 
meter can be calibrated to read directly in torque. 
To the same general effect, a volt meter 108 is 
shown in parallel with the turbo-pump motor to 
read the voltage across the motor. Power output or 

rs speed can be measured by reading the motor 
voltage. 

Although the present invention has been de- 
scribed in connection with a screw-type pump, a 
short-fan type vacuum pump could also be used. 
20 The present invention has been described in 
connection with specific structures but it is not be 
deemed limited thereto. The present invention 
should be constructed in the light of the following 
claims. 

25 

Claims 

1 . A composite vacuum pump comprising: 

30 a first vacuum pump (10) having a drive means 

(13) and a rotor means (15) driven by said drive 

means (13) contained within a housing means (12); 

said housing means (12) having gas inlet and gas 

outlet means (16,17); 
35 a second vacuum pump (31) having a drive means 

(33) and a rotor means (35) driven by said drive 

means (33) contained within a housing means (32); 

said housing means (32) having gas inlet and gas 

outlet means (36,27); 
40 said first pump outlet means (17) connected to the 

inlet means (36) of said second pump (31); 

said first drive means (13) being driven at constant 

torque. 

2. The device claimed in claim 1 wherein said 
45 first pump outlet means (17) is disconnected from 

said second pump inlet means (36). 

3. The device claimed in claim 1 including 
further means for detecting the torque load on said 
first pump drive means (13) when said second 

so pump drive means (33) is driven at a predeter- 
mined speed. 

4. The device claimed in claim 1 including 
further second gas inlet means (50) formed in said 
second pump housing means (32) in which said 

55 second inlet means (50) communicates with the 
inlet means (36) of said second pump. 
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FIG. 3 
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